mechanical stress. From the more established organic electronics technologies such as OLED and OPV, it is well known that packaging costs typically dominate the overall production cost because the performance of these types of devices quickly deteriorates when the permeation of moisture and oxygen exceeds 10 -6 g/m-2/day and 10 -3 cm3/m2/day/bar, respectively. 4 To date, long operation times rely on costly, high barrier materials. This imposes significant economic burdens on the costs of a final product and limits the ubiquitous adoption of organic electronics. Thus, in order to take full advantage of the low-cost factor of mass-printed organic electronics it is critically important to adopt inexpensive packaging materials with limited oxygen and moisture barrier properties, similar to what is used in the food industry. Some of the emanating technologies described previously may even preclude the use of any barrier. Consequently, conceptually new strategies are necessary for the stabilization of organic electronic materials and devices. This was the driving challenge to be addressed in this Focus Issue.
The reasons for the instability of organic electronics are truly manifold and often system specific. The latter adds additional complexity and makes a universal solution unlikely. Importantly, identifying the underlying degradation mechanism is a tedious, yet essential, process towards a complete understanding and problem solving. This is reflected in the present Focus Issue, which explores an interesting combination of ideas, covering material strategies, device engineering, characterization techniques, and engineering of barriers, while envisioning future applications. For instance, the group of Jean Manca analyzed the requirements for a successful implementation of organic solar cells for space application during a stratospheric balloon flight. OPV has been long foreseen as a very interesting technology for space applications due to its very high power output per unit weight. Yet, this is the first study of its kind. Closely related, and in order to probe the ability of OPV to withstand large temperature fluctuations, which could be critical for space applications, Lee et al. demonstrate robust performance of devices that are subject to thermal cycling between -100°C and 80°C. High temperatures, in particular, tend to be detrimental as they may degrade various parts of a full device, including contacts, interfaces and active semiconductor. In this context, Hoppe et al. describe a simple, yet very effective method, for selectively probing the effect of temperature on interfaces by measuring charge transport in organic diodes. The advantage of this device layout is that it allows very systematic permutations and clear conclusions. Holdcroft et al., on the other hand, demonstrate how chemical side chain engineering can be employed to suppress changes in the sensitive morphology of polymer-fullerene blends subject to elevated temperatures. Significantly, the side chains of PTB7 derivatives are rendered cross-linkable without affecting the initial power conversion efficiency, leading to thermally stable polymer solar cells. The stability of organic solar cells is notably a topic of increasing concern, also because the power conversion efficiency in the lab is quickly approaching 15%, while progress in device stability under realistic conditions is not following at the same pace. It is thus critically important to combine efforts. This is the case for the interlaboratory study by Galagan et al., in which more than 20 labs fabricated, degraded, measured and shared the data for PCDTBT-based organic solar cells with different device geometries. Given the need for large sample volumes to achieve conclusive results, these studies are of extreme value but difficult to execute, requiring an immense collaborative effort and scrutiny.
A fundamental study of the photooxidation of semiconducting polymers and fullerenes and its implication on the performance of organic solar cells is undertaken by A recent analysis estimates the consumer market for organic semiconductor appliances to grow by ;140% within the next 10 years. 5 It is easy to imagine that this value could potentially be significantly higher, if organic electronic devices could be rendered environmentally stable using widely available and inexpensive packaging technology. We are optimistic that this focus issue provides inspiration in the right direction.
ON THE COVER:
Artistic depiction of the use of plastic solar cells in balloons for space applications.
